Expectations have a central role in the inflation process and monetary policy design, since the effects of monetary policy on employment and production depend on credibility and thus expectations formation. It is very generally accepted that changes in monetary policy regimes affect the formation of inflation expectations and inflation dynamics. However, many recent empirical studies find evidence that the inflation process is persistent, ie that inflation is strongly correlated with its own lagged values (see eg Gordon 1997) . Persistence may be due to deep parameters or institutional constraints (such as indexation) in the economy or due to more transient factors such as expectations or policy regimes.
According to Erceg and Levin (2003) inflation responds sluggishly to shocks because of private sector's gradual learning about monetary policy inflation target.
On the other hand, inflation persistence is due to imperfect information in Ehrmann and Smets (2002) , which argue that inflation expectations change slowly, as agents do not know whether a shock hitting the economy is temporary or permanent. Gaspar, Smets and Vestin (2005) suggest that the monetary policy regime and inflation persistence are related.
In empirical studies of inflation dynamics, it is often assumed that expectations are rational. After the emergence of the rational expectations theory in the 1970's, there has been until recently very little interest in modelling expectations, although it has been argued that rationality of expectations may be an overly restrictive assumption. If we choose to avoid imposing rational expectations, we can use models which model expectations formation through limited information channels (Woodford 2002 , Adam 2004 , sticky information (Mankiw and Reis 2001, 2002) , or bounded rationality and learning (Sargent Since the late 1950s research on inflation dynamics has been largely based on the Phillips curve. Originally Phillips (1958) and Samuelson and Solow (1960) hypothesised a stable negative relationship between unemployment and inflation.
Phelps (1967) and Friedman (1968) augmented expectations in the Phillips curve via wage bargaining and price setting. In the 1970s, Lucas (1976) presented the rational expectations hypothesis, which holds that inflation expectations cannot systematically differ from actual inflation. In empirical work applying this type of Phillips relation, which is nowadays often called the New Classical Phillips curve, real economic activity is often measured by the output gap.
The New Keynesian Phillips curve in its original form is purely forwardlooking and based explicitly on microfoundations. In this specification timecontingent price setting can be derived using Taylor's overlapping contracts model (Taylor 1980 ), Rotemberg's model of quadratic costs of price adjustment (Rotemberg 1982) or the Calvo (1983) model with random price adjustment. All these models relate current inflation to currently expected future inflation and the current driving variable. In the New Keynesian theory, excess demand enters through real marginal costs, which is empirically measured by the output gap or real unit labour cost (labour income share). The hybrid specification of the New Keynesian Phillips curve (Galí and Gertler 1999) The New Classical, the New Keynesian and the Hybrid Phillips curves involve very different assumptions about the role of expectations in the inflation process.
In the New Classical Phillips curve (Phelps 1967 , Friedman 1968 , Woodford 2003 ) only a certain fraction of goods prices are fully flexible and the rest are set one period in advance. The New Classical specification relates the current inflation rate to the previously expected current inflation rate and to current excess
where t refers to the current inflation rate and E t-1 to period t-1 representative market expectations. The term t ŷ denotes to the output gap. As increases with a fraction of fully flexible prices, the New Classical Phillips curve is the steeper, the larger the portion of firms which are able to reset their prices without any restrictions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Calvo 1983) , which assumes that in every period a fraction 0 < < 1 of the goods prices are unchanged and the remaining prices are readjusted. Each price has an equal probability of being revised in any given period and this probability is independent of the timing of the last price change. In the New Keynesian Phillips curve the current inflation rate is a function of the currently expected future inflation rate and current excess demand
The term 0 < < 1 is a discount factor and is positive since, with excess demand, inflation tends to increase. In this analysis excess demand is measured only by the output gap, since when comparing alternative Phillips relations, the focus is on the expectations terms. Iterating equation (2.2) forward, we obtain
Since the current inflation rate is equal to the weighted, discounted stream of current and future output gaps, it is entirely forward-looking and there is no persistence in the inflation process.
It may not be reasonable to assume that in the Calvo model prices are unchanged between optimising periods. Instead, we can assume that firms can save costs if prices are changed between price adjustment periods according to a According to equation (2.4), the current inflation rate depends not only on the expected path of the driving variable (ie the output gap in this study), but also on the lagged inflation rate, t-1 . Therefore, the Hybrid Phillips curve implies persistence in inflation. The inflation process is the more persistent, the larger the indexation parameter 2 .
Alternative Phillips curve relationships are based on time-dependent optimal price setting with nominal rigidities. Since optimal pricing decisions are based on the present value of expected profits, expectations play a crucial role in pricing decisions in all specifications. The three specifications have clearly different policy implications. The New Classical Phillips curve implies that monetary policy will have only temporary effects on real economic activity. By contrast, longer-lasting real effects of monetary policy can be modelled using the New Keynesian Phillips curve. The Hybrid model is able to explain inflation persistence due to delayed effects of monetary policy on inflation. (2003) have shown, we can derive the New Keynesian Phillips curve with directly measured expectations. In applying equations (2.5)-(2.7) to the data, one need not assume any specific form of non-rationality in expectations. Since the task here is to compare the different models on their own terms, the theoretical restrictions are imposed in the estimated specifications of the New Keynesian models. Thus, in the New Keynesian Phillips curve, the imposed value of ß is 0.97
and, as seen in equation (2.7), the sum of forward-and backward-looking components is restricted to unity for the Hybrid Phillips curve.
When estimating alternative specifications separately, clear statistical
preference cannot yet to be claimed for any of the Phillips curve relationships. In order to facilitate the comparison of models, we applied two statistical tests to the data. The New Classical and New Keynesian Phillips curves were compared using Equation (2.8) includes both expectations variables and then encompasses both models under consideration as special cases. The sum of the estimated coefficients 1 and 2 was restricted to one in order to analyse the relative weights of alternative components in the inflation process, as the test typically puts strong weight on either of the variables compared. With the same driving variable in both specifications, we were able to focus clearly on the timing of the expectations term in the Phillips curve relationship.
The Wald test is based on parameter restrictions and it is weaker than the specification test. It was used to compare the three alternative Phillips curves against the following very general model, which incorporates all the specifications as special cases Greece and Portugal experienced two-digit inflation rates in the first years of the sample. In the whole sample, the average inflation rate was above 3 per cent in Greece, Ireland, Italy, Portugal and Spain, and below 3 per cent in rest of the economies. There has been remarkable heterogeneity in output gap developments across the countries. Finland, Ireland, and Portugal belong to the country group with more a divergent output gap history, while in other countries the output gap has been less volatile.
INSERT We also estimated the Hybrid Phillips curve using GMM, since IV methods might be needed because of errors-in-variables and/or simultaneity problems.
Also for the Hybrid model, predetermined variables were chosen for instruments:
two lags of the output gap and second lag of inflation. As shown in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 If a possible departure from rational expectations is allowed, directly measured expectations in principle provide a channel through which inflation persistence could be introduced to the New Keynesian Phillips curve with microfoundations for optimal price setting. However, although this channel seems to be important, this study suggests that it is not powerful enough to properly explain all of the persistence in the European inflation process. This is reasonable, since inflation expectations seem not to be very far from rationality. To conclude, since expectations have important autonomous effects on the monetary policy environment, expectations should be taken explicitly and independently into account in conducting monetary policy. Moreover, there seems to be evidence of inflation persistence which cannot be reduced to the persistence of expectations.
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